Context: Colloid cysts are benign intracranial lesions that usually involve the anterior third ventricle with varying appearance on imaging studies. The number of articles debating the origin of this tumor is surpassed by papers proposing the best modality available for its treatment Aim: The purpose of this study is to analyze the clinical presentation and surgical outcome of colloid cysts surgically managed over a period of thirty-two years and evaluate the technical issues based on our experience.
Introduction
Colloid cysts are benign lesions that almost always are located in the third ventricle. They represent 0.3 to 2% of all brain tumors [1] and are presumed to be endodermal in origin. [2] They typically present with raised intracranial pressure (ICP) headache caused by obstructive hydrocephalus. Acute neurological deterioration secondary to ventricular obstruction may lead to sudden death. Despite our increasing awareness of the natural history of colloid cysts, we do not know the actual risk of acute neurological deterioration. [3] With the advent of routine imaging in patients with headache as their presenting symptom, a significant number of colloid cysts are being diagnosed incidentally. Management of asymptomatic colloid cysts has always been a subject of controversy.
In this article we report a retrospective study of patients with colloid cysts operated in one single institution spanning the period from January 1980 to December 2011. The study re-evaluates the neuroimaging characteristics of symptomatic and asymptomatic patients with colloid cysts and their role in deciding the management strategy. The technical issues of the classic interhemispheric transcallosal transforaminal approach and its variants have been revisited along with the role of neuroendoscopy in the present era.
Materials and Methods
The medical records of all patients with colloid cysts who underwent surgery at our institute between January 1980 and December 2011 were retrospectively reviewed. Two hundred and ninety-seven patients with colloid cysts were identified. Using a standardized data sheet, clinical, radiological and surgical data were collected from medical records. Preoperative and postoperative MRI and/or CT images were reviewed to ascertain the imaging diagnosis and determine the extent of tumor resection. Descriptive statistics were used to summarize the patients' demographic and clinical characteristics.
Results
There were 178 (60%) males and 119 (40%) females, their age ranging from 9 to 66 years with a mean age of 28 years. The duration of symptoms at the time of presentation varied from 7 days to 36 months with a mean of 1.8 months. While headache due to raised ICP was the initial symptom occurring in 228 (74%) patients, there was intermittent poorly defined headache in 24 (7.6%). Other initial symptoms included visual blurring in 22 (7%), memory disturbances in 17 (5.3%) and drop attacks with gait disturbances in 9 (3.4%). In five patients (2%) the cyst was discovered incidentally. Two patients were admitted in a comatose stage [ Table 1 ].
In two patients, admitted prior to availability of CT scanner in our institute, diagnosis was made by ventriculogram. CT and/or MRI were the diagnostic modality in the rest. The cyst on CT imaging demonstrated varying characteristics, being hyperdense in 71%, isodense in 26% and hypodense in 3% of the cases. In patients who underwent MRI, the cyst characteristics on T2-weighted images were compared. 66% of the cysts were hyperintense, 25% were hypointense and 19% were isointense on T2-weighted imaging. The various operative procedures undertaken are listed in Table 2 . Twenty-two of the 297 patients underwent emergency surgery immediately after admission in view of deterioration in sensorium. While an interhemispheric transcallosal approach was used in 275, it was trans-cortical in 22 (endoscope assisted in six and endoscopically in two).
Twenty-eight patients had a CSF diversion procedure either prior to or following tumor resection [ Table 3 ]. While 14 of these patients were referred to us from local hospitals following a shunt surgery, the other 14 required a post-operative CSF diversion procedure in the form of either ventriculoperitoneal (VP) shunt or endoscopic third ventriculostomy (ETV) due to persisting symptomatic hydrocephalus. There was an operative mortality of 1% (3 patients). Major postoperative complications [ Table 4 ] included hemiplegia due to venous infarction in nine cases (4%) and seizures in 12 (5%). Of the 12 patients who had postoperative seizures, three had undergone surgery via the transcortical (transfrontal) route. While post-operative seizure incidence was 3% (9/275) for the patients operated by the transcallosal route, it was 14% for those who underwent surgery transcortically (P = 0.049). There was symptomatic recurrence in eight (3%) patients and all underwent revision surgery. The mean time to recurrence was 10.2 years. As per the operative records, six out of the eight patients had their tumor completely excised during the first surgery.
Discussion
To our knowledge, we present one of the largest series on third ventricular colloid cysts. These lesions have long intrigued neurosurgeons. Although patients with colloid cysts generally present after developing acute hydrocephalus, little information is available on the natural history of these tumors. The widespread use of CT and MRI for patients presenting with headache has resulted in the diagnosis of more patients with colloid cysts even prior to development of hydrocephalus. Moreover, there has been an increase in the diagnosis of incidental or asymptomatic colloid cysts. The theory proposed by Pollock et al. [4] on the natural history of third ventricular colloid cysts is based on the interaction of three primary factors which include rate of cyst growth, progression of CSF obstruction and cessation of growth as age advances.
Imaging studies, both CT and MRI, can demonstrate varying characteristics of the cyst depending on its contents. An earlier unpublished study from our institute on the CT characteristics of 174 colloid cysts, showed the cyst to be hyperdense in 69%, isodense in 28% and hypodense in 4%. The density of the cyst probably depends on the cholesterol content with in the cyst. [5] There have been reports of changing CT characteristics following CSF diversion. [6] Colloid cysts have varying signal intensity on various MRI sequences. Shorter duration of symptoms is often associated with hyperintense lesions on T2-weighted MR images.
The management of incidental or asymptomatic colloid cysts is a topic of debate. Decision to recommend observation or surgery in these cases is often unclear. Guidelines which can help neurosurgeons in assessing the potential risk of cyst enlargement have been published by Pollock et al. [4] Older patients with small colloid cysts that are hypointense on T2-weighted MR images without any ventriculomegaly, usually remain asymptomatic. In contrast, younger patients who have large colloid cysts that are hyperintense on T2-weighted MRI scans with obstructive hydrocephalus tend to be symptomatic and require early surgery.
Surgical techniques
The treatment of colloid cysts has evolved rapidly since the first successful excision of a colloid cyst via the transcortical transventricular approach by Walter Dandy in 1921. [7] This was followed closely by a transcallosal approach by Greenwood in 1949. [8] Since then techniques like stereotactic aspiration [9] and endoscopic [10, 11] removal of colloid cysts came into practice. Isolated aspiration of the cyst by stereotactic or ventriculoscopic methods may minimize the surgical risk, but fails to offer a radical or permanent treatment of these benign lesions in view of the high viscosity of cyst contents. The use of microneurosurgical techniques has revolutionized the treatment and outcome of colloid cyst surgery. With wide spread use of the operating microscope since the 1980s in our institute, the interhemispheric transcallosal approach became the standard treatment for colloid cysts. [12] Open surgical removal of colloid cyst is the gold standard treatment and is the only method at present, which can remove the cyst in totality and ensure definitive cure of this benign tumor.
The transcortical transventricular approach can be performed using stereotactic guidance to minimize brain dramage, but carries the risk of postoperative seizures. This approach sometimes may be difficult in patients with small ventricles. Twenty-two patients in our series were operated using this approach. The anterior transcallosal approach usually provides a direct and adequate pathway to the lateral ventricles, where the foramen of Monro serves as a natural entrance into the third ventricle, especially when the foramen of Monro is dilated by the cyst. The greatest advantage of the transcallosal approach is that it avoids cortical incision and provides natural planes for dissection to the anterior part of the third ventricle. Also this approach provides many options to reach the third ventricle following entry into the lateral ventricle.
The simplest and safest way is to attempt excision of the lesion through the dilated foramen of Monro [13] (transforaminal route) which was the most common approach in our series (76%; [ Figure 1] ). Colloid cysts are most commonly located in the anterior two-thirds of the third ventricle and expand the foramen of Monro in 80% of the cases. [13] Therefore, dilatation of the foramen of Monro to a diameter of 5 to 15 mm usually allows piecemeal, complete removal of the colloid cyst without any damage to the neural and vascular structures in the vicinity.
Lesion located more posteriorly and superiorly in the third ventricle does not present itself at the foramen of Monro, and often occludes and diverges the foramen. In such cases, the trajectory should be dictated by the surgical anatomy rather than by a fixed approach. Three potential corridors of entry are possible to reach the lesion. When the lesion bulges superiorly displacing the fornices laterally, the interforniceal route is the best option. [14] The septum is used as a guide to the interval between the fornices and into the third ventricle. Extreme care is taken not to damage the fornix. An interforniceal route was used in 24 patients (10%) in our series. When the lesion bulges on to the floor of the lateral ventricle, the subchoroidal approach [ Figure 2 ] through the velum interpositum, lateral to the internal cerebral veins is a good option. [15] This approach was used in 14 (5.8%) patients. In this approach the velum
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Vol. 11, Issue 3, July-September 2016 is exposed below the choroid plexus and about 5 to 10 mm dorsal to the thalamostriate vein, with the surgeon remaining close to the thalamus and minimal elevation of the plexus. At the point of opening the velum, the internal cerebral vein should not shine through the velum, which can be the case if the exposure is very close to the thalamostriate vein. The velum can be perforated safely and easily with a curved microdissector, remaining on the surface of the thalamus. After the ventricle is opened laterally and below the internal cerebral veins, the opening can be safely extended posteriorly. Anteriorly, the opening can be extended to a few millimeters posterior to the thalamostriate vein. A good view of the medial and posterior part of the third ventricle can be obtained with slight retraction of the thalamus laterally and the roof of the ventricle with the internal cerebral veins medially. To observe the anteroinferior portion, the massa intermedia must be retracted posteriorly or dissected. In the third approach via the suprachoroidal route, [16] the surgeon can displace the choroid plexus down and laterally, and work over the top of plexus and under the fornix into the third ventricle [ Figure 3 ]. After opening the tenia fornices, from the foramen of Monro backwards to the atrium of the lateral ventricle, the superior membrane of the tela choroidea is split and the internal cerebral veins are exposed. The last two layers of the roof of third ventricle, namely the inferior membrane of the tela choroidea and choroid plexus of the third ventricle, are finally opened. In 7 (2.2%) patients the suprachoroidal route was used to excise the tumor.
Complication avoidance
Access to the third ventricle should not be gained by the old technique of dividing one fornix at the foramen of Monro [17] which can result in memory disturbance particularly if the other fornix has been subject to unrecognized pressure or invasion by the pathological lesion. The use of the transcallosal route in colloid cyst surgery does not result in any serious neurological or psychological consequences. [18, 19] Memory impairment in the postoperative period could be attributable to factors such as damage to fornix or other midline structures, fluid outflow, and hemodynamic disturbances. [19] Unilateral sacrifice of the thalamostriate vein [20] can lead to venous infarction of the thalamus. It is important to remember that the normal anatomic relations in this region may be distorted by the presence of tumor. None of the above mentioned approaches, if properly performed, sacrifice any functional neurovascular structures. The variations in the neural and vascular structures can be demonstrated pre-operatively using 3D MRI, magnetic resonance angiography and magnetic resonance venography allowing accurate planning of the surgical procedure. Depending on the location of the anterior septal vein -internal cerebral vein junction, it is possible to gain wide access to the third ventricle, without sacrificing any neural or vascular structures. [21] It is not uncommon for the surgeon during transventricular surgery to open into a space filled with CSF without any identifiable anatomic landmarks. This happens if the lateral ventricle has been opened far too anteriorly and in such instances the surgeon should angulate the microscope posteriorly to identify the foramen and the choroid plexus. Injury to small deep veins especially on the contralateral side can occur while pulling the cyst capsule from the roof where it is attached to the tela choroidea.
The transcallosal approach is undoubtedly superior in the presence of normal sized ventricles and is more direct avoiding transgression of cortex. Both the foramen of Monro are equally well exposed and hence, even if the left lateral ventricle is asymmetrically dilated due to tumor obstructing the left foramen of Monro, a right sided precoronal parasagittal craniotomy will suffice. The transcallosal surgery is especially suitable for masses which present more superiorly and not at the foramen. The interhemispheric approach is also more flexible compared to the transcortical approach. By varying the degree of neck flexion and the angle of microscope, virtually the entire third ventricle can be reached through a limited anterior callosal section. Nevertheless the problems encountered during an interhemispheric transcallosal approach include variable anatomy of the cortical bridging veins, dissection of the pericallosal arteries and the need for callosal sectioning. Even though bridging parasagittal veins may sometimes pose a hindrance, it is usually possible to find a 2 to 3 cm gap between them that is large enough to allow cyst resection. Moreover a small incision in the corpus callosum (1 cm) is usually adequate to excise the cyst.
Even though cyst recurrence is said to be more common after stereotactic aspiration and endoscopic procedures, the fact that 6 patients in our series had a recurrence despite complete excision of the tumor points towards a potential for cyst regrowth. This might be due to microscopic epithelial remnants left behind during initial surgery that retain the ability to regrow. This necessitates continued postoperative clinical and radiological monitoring at progressively longer intervals.
Endoscopic treatment
The use of endoscopy for removing third ventricular colloid cysts has gained popularity in several centers. Neuroendoscope can be used with sufficient efficacy for the removal of cyst contents and coagulation of the cyst wall. The magnified view provided by the endoscope is particularly well suited for surgery around small delicate structures, such as fornix and deep venous system of the brain. Our experience with endoscopic surgery for colloid cysts is limited. Only eight of the 297 cases had endoscope used during surgery, six of them undergoing endoscopic assisted microsurgery. Our criticism of the endoscopic approach is high incidence of incomplete removal as evidenced by previous literature reports. [22, 23] Other innovative approaches to colloid cyst include anterior approach through the lamina terminals [24] and the posterior third ventricle approach by opening the tela choroidea between the pineal and the vein of Galen through a infratentorial supracerebellar approach. [19] 
Conclusion
Open surgery has always been considered the gold standard in the treatment of third ventricular colloid cysts. Endoscopic techniques have evolved over time and are an accepted alternative to microneurosurgery. But the limit of endoscopy is the recognized difficulty in removing the cyst attachment from the roof of the third ventricle thus compromising the radicality
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Vol. 11, Issue 3, July-September 2016 of excision. There is a definite risk of recurrence which continues to be a matter of debate. Our vast experience has led us to believe that these potentially life threatening lesions can be safely removed by the interhemispheric transcallosal transforaminal route and its variants. The possibility for recurrence mandates close clinical and imaging follow-up at progressively longer intervals. The surgeon operating on a colloid cyst should be aware of all the possible approaches to the lesion and should be able to choose the optimal route and develop their personal preferences.
